RP <?T AVAILABLE COPv 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
International Bureau 




iiininiiiioiiiDHiiiniiiiiiiiiiiHii 



(43) International Publication Date (10) International Publication Number 

3 October 2002 (03.10,2002) pct WO 02/077356 Al 

(51) International Patent Classification 7 : D06L 1/02, 1/04, (81) Designated States (national): AE, AG, AL, AM, AT, AU, 
CI ID 1 1/00, D06F 43/00, CI ID 7/50 // 3/16 AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 

CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH, 

(21) International Application Number: PCT/US02/04620 GM, ™ WTO IL m. IS ^ KE, 

- ' LK, LR, LS, LT, LU, LV, MA, MD t MG, MK, MN, MW, 

MX, MZ, NO, NZ,OM,PH, PL, FT, RO,RU,SD,SE,SG, 

(22) International Filing Date: 15 February 2002 (15.02.2002) SI ^ SK ^ su TJ -tm TN, TR, TT, TZ, UA, UG, UZ, VN, 

YU,ZA,ZM,ZW. 

Filing I language; — RngHxh- 



(84) Designated States (regional): ARIPO patent (GH, GM, 
(26) Publication Language: English KE, LS. MW, MZ, SD. SL, SZ, TZ, UG, ZM, ZW), 

Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM). 
ru» p^-s^ iw*. European patent (AT. BE, CH, CY, DE, DK, ES, FT, FR, 

1 } ■ o, onni o, m onni \ ttc GB, GR, IE, IT, LU, MC, NL, FT, SB, TR), OAPI patent 



09/813,666 21 March 2001 (21.03.2001) US 



(BF, BJ, CF, CG, a, CM, GA, GN, GQ, GW, ML, MR, 
NB, SN, TD, TG). 



(71) Applicant: GENERAL ELECTRIC COMPANY 

[US/US]; 1 River Road, Schenectady, NY 12345 (US). Published: 

— with international search report 

(72) Inventors: PERRY, Robert, J.; 2115 Niskayuna Drive, — before the expiration of the time limit for amending the 
Niskayuna,^12309(US). HUB^RD,I^^kia,A;;19 / ' claims and to be republished in the event of receipt of 
Crestview Drive, West Sand Lake, NY 12196 (US). amendments 

(74) Agents : WINTER, Catherine, X et al.; General Electric For two-letter codes and other abbreviations, refer to the "Guid- 

Company, 3 1 35 Eastern Turnpike W3C, Fairfield, CT 0643 1 ance Notes on Codes and Abbreviations' 1 appearing at the begin- 

(US). ning of each regular issue of the PCT Gazette, 



VO ; . 

^ (54) Title: VAPOR PHASE SILOXANE DRY CLEANING PROCESS 
l> 

£^ (57) Abstract: The process of the present invetion is direced to a dry cleaning process, comprising the use of volatile cyclic, li^ 
^ branched siloxanes in the vapor phase for the cleaning of soiled or staned fabrics. The linear or branched siloxanes have the formula: 
2 NWjzDJVQz wherein: M is RSSiOi*; D is R 2 R 3 SiOw; T is R 4 SiOw; and Q is SKW R l , R 2 , R 3 and R 4 are each independently a 
monovalent hydtocarbaon radical having form one to forthy carbon stoms; and x and y are each integers, wherein 0 < x < 10 and 0 < 
Qy< lCand 0 < z < 10. While the cyclic siloxanes have the formula (1) wherein R 3 , R 6 ,R 7 and R 8 are each independently a monovalent 
J^. hydrocarbon group having from one to forty carbon atoms; and a and b are each integers wherein 0 < a < 10 and 0 < b < 10, provided 
^ that 3 < (a + b) < 10. 



WO 02/077356 



PCT/US02/04620 



VAPOR PHASE SILOXANE DRY CLEANING PROCESS 

TECHNICAL FIELD 

The present invention is directed to a dry cleaning process, more 
specifically, to a siloxane vapor phase based process, for use in dry cleaning. 

,MCKGROUND 

Current dry cleaning technology uses perchloroethylene ("PERC") or 
petroleum-based materials as the cleaning solvent. PERC suffers from 
toxicity and odor issues. The petroleum-based products are not as effective as 
PERC in cleaning garments. 

Cyclic siloxanes jhave been reported as spot cleaning solutions, see US 
4,685,900, ''^^^x^^efming fluids in dry cleaning machines, see US 
5,942,007. Other patents disclose the use of silicone soaps in petroleum 
solvents, see JP 09299687, and the use of silicone surfactants in super critical 
carbon dioxide solutions has been reported, see, for example, US 5,676,705 
and Chem. Mark. Rep., 15 Dec 1997, 252(24), p. 15. Non-volatile silicone oils 
have also been used as the cleaning solvent requiring removal by a second 
washing with perfluoroalkane to remove the silicone oil, see JP 06327888. 

Numerous other patents have issued in which siloxanes or 
organomodified silicones have been present as addenda in PERC or 
petroleum based dry cleaning solvents, see, for example, WO 9401510; US 
4911853; US 4005231; US 4065258. 

There is a continued interest in decreasing the need for large quantities 
of solvents used in dry cleaning processes. 
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SUMMARY OF THE INVENTION 

The process of the present invention is directed to a cleaning process, 
comprising the use of a volatile cyclic, linear or branched siloxane in the 
vapor phase for the cleaning of articles. 

Further, the present invention provides for a process for cleaning soiled 
5 articles of manufacture comprising: 

a) contacting the soiled article of manufacture with a vapor phase silicone 
compound; 

b) allowing the vapor phase silicone compound in contact with the soiled 
article of manufacture to condense to the liquid phase becoming thereby a 

10 condensed silicone liquid; and 

c) draining the condensed silicone liquid away from the article of . - v* ir U ^ ,nt « w. 
manufacture whereby the soiled article of manufacture is cleaned. 

In another embodiment the present invention provides for a process for 
cleaning soiled garments comprising: 

15 a) contacting the soiled garment with a vapor phase silicone compound; 

b) allowing the vapor phase silicone compound in contact with the soiled 
garment to condense to the liquid phase becoming thereby a condensed 
silicone liquid; and 

c) draining the condensed silicone liquid away from the garment whereby 
20 the soiled garment is cleaned. 
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DETAILED DESCRIPTION OF THE INVENTION 

The compounds useful in the practice of the present invention may be 
linear, branched or cyclic volatile siloxane compounds. In general those 
siloxanes that are volatile and suitable for use in the practice of the present 
invention are those siloxanes that are volatile at room temperature, i.e. about 
25 °C. Volatility is a quantitative measurement at a given temperature and 
- thus hrngdly defined involves a par tial pjesajgfi or vapor pr essure. i.P. a 
pressure below 760 mm Hg, at a given temperature. Broadly, volatile 
siloxanes are those siloxanes that have a vapor pressure or partial pressure 
(as used herein the two terms are interchangeable) above 0.01 mm Hg at a 
temperature of 20 °C 

Compounds suitable as the linear or branched, volatile siloxane 
solvent of the present invention are those containing a polysiloxane structure 
that includes from 2 to 20 silicon atoms. Preferably, the linear or branched, 
volatile siloxanes are relatively volatile materials, having, for example, a 
boiling of below about 300°C point at a pressure of 760 millimeters of 
mercury ("mm Hg"). 

In one embodiment, the linear or branched, volatile siloxane comprises 
one or more compounds of the structural formula (I): 

Maty+fcDcTyQz (I) 

wherein: 

MisRiaSiOi/s 

DisR 2 R3Si02/2; 



TisR^iOyy 
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and Q is Si04/2 

R 1 , R 2 , R 3 and R 4 are each independently a monovalent hydrocarbon radical 
having from one to forty carbon atOms; and 

x and y are each integers, wherein 0 £ x £ 10 and 0 £ y £ 10 and 0 £ z £ 10. 

5 Suitable monovalent hydrocarbon groups include linear hydrocarbon 

radicals, brandied ^ adicyclic hydrocarbon 

radicals, monovalent and aromatic or fluoro containing hydrocarbon radicals. 
Preferred monovalent hydrocarbon radicals are monovalent alkyl radicals, 
monovalent aryl radicals and monovalent ar alkyl radicals. 

10 As used herein, the: term "(Q-C6)alkyl" means a linear or branched 

alkyl group containing from 1 to 6 carbons per group, such as, for example, 
methyl, ethyl, propyl, iso-propyl, n-butyl, iso-butyl, sec-butyl, tert-butyl, 
pentyl, hexyl, preferably methyl. 

As used herein, the term "aryl" means a monovalent unsaturated 
15 hydrocarbon ring system containing one or more aromatic or fluoro 

containing rings per group, which may optionally be substituted on the one 
or more aromatic or fluoro containing rings, preferably with one or more (Q- 
QJalkyl groups and which, in the case of two or more rings, may be fused 
rings, including, for example, phenyl, 2,4,6-trimethylphenyl, 2- 
20 isopropylmethylphenyl, 1-pentalenyl, naphthyl, anthryl, preferably phenyl. 

As used herein, the term "aralkyl" means an aryl derivative of an alkyl 
group, preferably a (C2-C6)alkyl group, wherein the alkyl portion of the aryl 
derivative may, optionally, be interrupted by an oxygen atom, such as, for 
example, phenylethyl, phenylpropyl, 2-(l-naphthyl)ethyl, preferably 
25 phenylpropyl, phenyoxypropyl, biphenyloxypropyl. 
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In another embodiment, the monovalent hydrocarbon radical is a 
monovalent (Ci-Q)alkyl radical, most preferably, methyl. 

In another embodiment, the linear or branched, volatile siloxane 
comprises one or more of, hexamethyldisiloxane, octamethyltrisiloxane, 
decamethyltetrasiloxane, dodecamethylpentasiloxane, 

tetradecamethylhexasiloxane or hexadecamethylheptasiloxane or 
methyltris(trimeth^^ 

the linear or branched, volatile siloxane of the present invention comprises 
octamethyltrisiloxane, decamethyltetrasiloxane, or 

dodecamethylpentasiloxane or methyltris(trimethylsiloxy)silane. In a highly 
preferred embodiment, the siloxane component of the composition of the 
present invention consists essentially of decamethyltetrasiloxane. 

Suitable linear or branched volatile siloxanes are made by known 
methods, such as, for example, hydrolysis and condensation of one or more of 
tetrachlorosilane, methyltrichlorosilane, dimethyldichlorosilane, 
trimethylchlorosilane, or by isolation of the desired fraction of an equilibrate 
mixture of hexamethyldisiloxane and octamethylcyclotetrasiloxane or the like 
and are commercially available. 

Compounds suitable as the cyclic siloxane component of the present 
invention are those containing an oligomeric or polysiloxane ring structure 
that includes from 2 to 20 silicon atoms in the ring. Preferably, the linear, 
branched and cyclic siloxanes are relatively volatile materials, having, for 
example, a boiling point of below about 300°C at a pressure of 760 millim eters 
of mercury ("mm Hg"). Thus for the purposes of defining a volatile siloxane 
compound useful in the practice of the process of the present invention a 
volatile siloxane, whether linear branched or cyclic has a vapor pressure 
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ranging from 0.01 to 760 mm Hg at a temperature ranging from about 10 °C 
to about 300 °C. 

In another embodiment the cyclic siloxane comprises one or more 
compounds of the structural formula (II): 



: f r — 

1 (Si 0) a (Si Ctyb^-J 

I - I 

5 R 6 R 8 (II) 

wherein: 

R 5 , R 6 / R 7 and are each independently a monovalent hydrocarbon group 
having from one to forty carbon atoms; and " = 

a and b are each integers wherein 0 £ a £ 10 and 0 £ b £ 10, provided that 3 £ 
10 (a + b)^10. 

In yet another embodiment, the cyclic siloxane comprises one or more 
of, octamethylcyclotetrasiloxane, decamethylcyclopentasiloxane, 
dodecamethylcyclohexasiloxane, tetradecamethylcycloheptasiloxane. In a 
more highly preferred embodiment, the cyclic siloxane of the present 
15 invention comprises octamethylcyclotetrasiloxane or 

decamethylcyclopentasiloxane. In yet another embodiment, the cyclic 
siloxane component of the composition of the present invention consists 
essentially of decamethylcyclopentasiloxane. 

Suitable cyclic siloxanes are made by known methods, such as, for 
20 example, hydrolysis and condensation of alkylhalosilanes, e.g. 
dimethyldichlorosilane, and are commercially available. 

6 
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The process of the invention involves generation of a gas phase silicone 
by a combination of heating the silicone in a solvent reservoir and optionally 
reducing pressure so as to allow the silicone to vaporize followed by 
contacting the silicone vapors with the garment to be cleaned. While the 
formula describing compounds useful in the process of the present invention 
has already been described, those compounds useful in the practice of the 
present invention in one embodiment should have vapor pressures between 



about 3.U mm Hg and about 76D-mm Hg at temp eratures ranging from about 
20 °C to about 100 °C In a second embodiment those compounds useful in 
the practice of the present invention should have vapor pressures between 
about 0.01 mm Hg and about 760 mm Hg at temperatures ranging from 
about 20 °C to about 270 °C. In a third embodiment those compounds 
useful in the practice of the present invention should have vapor pressures 
.between about 1.0 mm Hgandabout 760mm Hg at temperatures ranging 
15 from about 20 °C to about 134 °C. In a fourth embodiment those 

compounds useful in the practice of the present invention should have vapor 
pressures between about 0.01 mm Hg and about 760 mm Hg at temperatures 
ranging from about 20 °C to about 264 °C. 

Alternatively, other methods known in the art can be employed to 
20 form vapors of silicones including mechanical means. 

The vapors of the compounds of the present invention thus formed, 
either at atmospheric pressure or at reduced pressure, are allowed to contact 
the fabric to be cleaned for a specified time wherein these same vapors 
condense in the fabric, dissolving the soiling material or stain and draining 
25 away from the fabric, after which time the articles are removed, cooled as 
needed, and dried by various methods known in the art such as air drying, 
heated drying and the like. In one embodiment, the process of the present 
invention may be performed at a constant pressure. In another embodiment 
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the process of the present invention is performed at a pressure that is varied 
among the steps of the process, e.g. initially contacting the garment to be 
cleaned with a vapor at a pressure below atmospheric followed by raising the 
pressure to atmospheric pressure to condense the vapor in the garment and 
5 allow the cleaning fluids to drain away from the garment. 

Alternatively, the articles remain in the cleaning vessel and the silicone 

or silicone containing solyentis removed by various-means and the articles 

are dried in the cleaning vessel as is commonly seen in typical dry cleaning 
machines. 

10 An article, such as for example, a textile or leather article, typically, a 

garment, is cleaned by contacting the article with the vapors of the 
composition of the present invention. In a preferred embodiment, the articles 
to be cleaned include textiles made from natural fibers, such as for example; 
cotton, wool, linen and hemp, from synthetic fibers, such as, for example, 

15 polyester fibers, polyamide fibers, polypropylene fibers and elastomeric 

fibers, from blends of natural and synthetic fibers, from natural or synthetic 
leather or natural or synthetic fur. 

The article and dry cleaning composition are then separated, by, for 
example, one or more of draining and centrifugation. In a preferred 
20 embodiment, separation of the article and dry cleaning composition is 

followed by the application of heat, preferably, heating to a temperature of 
from 15°C to 120°C, preferably from 20°C to 100°C, or reduced pressure, 
preferably, a pressure of from 1 mm Hg to 750 mm Hg, or by application of 
both heat and reduced pressure, to the article. 

25 Testing for oil soluble stain removal was accomplished using a blue 

50/50 cotton/poly cloth and a red satin fabric. The approximately 2 inch 
square samples were stained with motor oil, suspended by wires in a large 



8 



WO 02/077356 



PCT7US02/04620 



glass vessel equipped with a thermometer, and condensing unit capable of 
condensing the volatile silicone solvent. The articles were positioned such that 
the solvent vapors saturated the article but were not contacted by the 
returning, condensed solvent. 

The process of the present invention is not limited to the cleaning of 
garments or articles of clothing, it may be applied to any article of 
manufac tur e con t amina t ed wi t h a silicon e solubl e c o ntam i nant that may bo 
subjected to the process of the present invention wherein the contaminant is 
dissolved in the silicone compound and drained away, thereby removing the 
contaminant from the article of manufacture. 

The following examples are to illustrate the invention and are not to be 
construed as limiting the claims. 

EXAMPLES v ^'- : 

Example 1 - Atmospheric pressure, cyclic solvent 

Samples of red satin and blue cotton/ poly fabrics were treated with 
motor oil which was allowed to staiii for 18 hours then attached to a wire 
holder and suspended above a reservoir of D5. The solvent was heated to 
boiling and the vapors allowed to contact the stained fabrics for 5 minutes. 
After this time, the heat was removed, the vessel cooled and the samples 
removed and air dried and evaluated. All traces of the oil were removed from 
both fabrics. There was some extraction of the red dye from the satin fabric. 

Example 2 - Reduced Pressure, cyclic solvent 

Samples of red satin and blue cotton/ poly fabrics were treated with 
motor oil which was allowed to stain for 18 hours then attached to a wire 
holder and suspended above a reservoir of D5. The pressure in the system 



9 



WO 02/077356 



PCT/US02/04620 



was reduced to 1-2 mm Hg and the temperature of the solvent reservoir was 
raised to 70-80 °C The vapors were allowed to contact the stained fabrics for 5 
minutes. After this time, the heat was removed, the vessel cooled and the 
samples removed and air dried and evaluated. All traces of the oil were 
5 removed from both fabrics. No extraction of the red dye from the satin fabric 
was observed. 

Example 3 - Reduced Pressure, linear solvent 

Samples of red satin and blue cotton/poly fabrics were treated with 
motor oil which was allowed to stain for 18 hours then attached to a wire 
10 holder and suspended above a reservoir of MD2M. The pressure in the 
system was reduced to 1-2 mm Hg and the temperature of the solvent 
reservoir was raised to 70-80 °C The vapors were allowed to contact the 

stained fabrics for 5 minutes. After this time, the heat was removed, the vessel • V > " ■ : 

cooled and the samples removed and air dried and evaluated. All traces of the 
15 oil were removed from both fabrics. No extraction of the red dye from the 
satin fabric was observed. 
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Having described the invention, that which is claimed is: 
1. A process for cleaning soiled garments comprising 

a) contacting the soiled garment with a vapor phase silicone compound; 

b) allowing the vapor phase silicone compound in contact with the soiled 
garment to condense to the liquid phase becoming thereby a 

— rondpnspH silicone liquid- a n^ ' 

c) draining the condensed silicone liquid away from the garment 
whereby the soiled garment is cleaned. 

2. The process of claim 1 wherein the silicone compound has the formula: 

wherein: . y. 

MisRiaSid/2; 

DisR2R3SiO?/2; 

T is R^iOs/s; 

andQisSi04/2 

R\ R2 R 3 and R* are each independently a monovalent hydrocarbon radical 
having from one to forty carbon atoms; and x and y are each integers, 
wherein 0 £ x £ 10 and 0 £ y £ 10 and 0 £ z £ 10. 
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3. The process of claim 1 wherein the silicone compound has the formula: 



1 (Si 0) a 

I 

R6 

wherein: 

R 5 , R 6 , R 7 and R 8 are each independently a monovalent hydrocarbon group 
5 having from one to forty carbon atoms; and 

a and b are each integers wherein 0 £ a £ 10 and 0 £ b £ 10, provided that 3 < 
(a + b)VlO. 

4. The process of claim 2 wherein each of the steps a), b) and c) ate 
independently conducted at a temperature ranging from about 10 °C to about 

10 300 °C. 

5. The process of claim 3 wherein each of the steps a), b) and c) are 
independently conducted at a temperature ranging from about 10 °C to about 
300°C 

6. The process of claim 4 wherein each of the steps a), b) and c) are 

15 independently conducted at a pressure ranging from about 0.01 mm Hg to 
about 760 mm Hg. 

7. The process of claim 5 wherein each of the steps a), b) and c) are 
independently conducted at a pressure ranging from about 0.01 mm Hg to 
about 760 mm Hg. 
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8. The process of claim 6 wherein the silicone compound is selected from 
the group consisting of hexamethyldisiloxane, octamemyltrisiloxane, 
decamethyltetrasiloxane, dodecamethylpentasiloxane, 
tetradecamethylhexasiloxane, hexadecamethylheptasiloxane and 
memyltris(trimethylsiloxy)siJane. 

9. The process of claim 7 wherein the silicone compound is selected from 
the group consisting of hexamethyldisiloxane, octamethyl trisiloxane, 
decamethyltetrasiloxane, dodecamethylpentasiloxane, 
tetradecamethylhexasiloxane , hexadecamethylheptasiloxane and 
memyltris(trimethylsiloxy)silane. 

10. A process for cleaning soiled articles of manufacture comprising: 

a) contacting the soiled article of manufacture with a vapor phase silicone 
compound; :..aV=: j. »■'•••; •- 

b) allowing the vapor phase silicone compound in contact with the soiled 
article of manufacture to condense to the liquid phase becoming 
thereby a condensed silicone liquid; and 

c) draining the condensed silicone liquid away from the article of 
manufacture whereby me soiled article of manufacture is cleaned. 

11. A process for cleaning soiled garments consisting essentially of: 

a) contacting the soiled garment with a vapor phase silicone compound; 

b) allowing the vapor phase silicone compound in contact with the soiled 
garment to condense to the liquid phase becoming thereby a 
condensed silicone liquid; and 

c) draining the condensed silicone liquid away from the garment 
whereby the soiled garment is cleaned. 
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12. The process of claim 11 wherein the silicone compound has the 
formula: 

M2+y+2zD x TyQz 

wherein: 
5 MisR^iOi/s 

TisR^SiOv* 
andQisSiOvz 

Ri, R 2 , R 3 and R 4 are each independently a monovalent hydrocarbon radical 
10 r having from one to forty carbon atOms; and x and y are each integers, r^rv.^.r 
wherein 0^ x ^ 10 and O^y^iO and O^z^ 10. 

13. The process of claim 11 wherein the silicone compound has the 



formula: 



5 




I (jsi Q)a 



(Si — 0)b— 1 



15 



wherein: 



R5, R*, R 7 and R 8 are each independently a monovalent hydrocarbon group 
having from one to forty carbon atoms; and 

a and b are each integers wherein 0 £ a £ 10 and 0 <S b £ 10, provided that 3 £ 
(a + b)£l0. 
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14 The process of claim 12 wherein each of the steps a), b) and c) are 
independently conducted at a temperature ranging from about 10 °C to about 
300oC 

15. The process of claim 13 wherein each of the steps a), b) and c) are 
independently conducted at a temperature ranging from about 10 °C to about 
300 <C. 



16. Th e prococ o of claim 11 wh e rein r >nrh nf ¥ht> ctepo n ) nnt ( c ) m 
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independently conducted at a pressure ranging from about 0.01 mm Hg to 
about 760 mm Hg. 

17. The process of claim 15 wherein each of the steps a), b) and c) are 
independently conducted at a pressure ranging from about 0.01 mm Hg to 
about 760 mm Hg. 

18. The process of claim 16 wherein the silicone compound is selected 
from the group consisting of hexamethyldisiloxane, octamethyltrisiloxane, 

15 decamethyltetrasiloxane, dodecamethylpentasiloxane, 

tetradecamethylhexasiloxane , hexadecamethylheptasiloxane and 
memyltris(trimethylsiloxy)silane. 

19. The process of claim 17 wherein the silicone compound is selected 
from the group consisting of hexamethyldisiloxane, octamethyltrisiloxane, 

20 decamethyltetrasiloxane, dodecamethylpentasiloxane, 

tetradecamethylhexasiloxane , hexadecamethylheptasiloxane and 
memyltris(trimethylsiloxy)silane. 
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